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ABSTRACT 
Rapid development of industries in the world has been the maJor contributor to 
pollution of water resources such as heavy metals. These heavy metals are very 
hazardous to both human and environment since they do not degrade into harmless 
end product but they eventually will be accumulated in living organisms and thus 
causing various illnesses and syndromes. Many methods have been researched in 
order to remove these dangerous heavy metals and one of the best methods is 
adsorption. Present study was undertaken to investigate ability of carbon nanotubes 
(CNTs) and carbon nanofibers (CNFs) as adsorbents in adsorption process of 
removing lead and chromium ions from aqueous solutions. The analyses of metal 
ions removal were performed on four operation parameters which were initial ion 
concentration, contact time, pH and temperature. The experiments were carried out 
using a bath shaker at constant speed of 200 rpm. BET surface area of CNFs was 
found to be 194.99 m2/g, while for CNTs, the BET surface area was found to be to be 
478.99 m2/g. Batch adsorption test showed that adsorption of lead and chromium 
uptakes increase as the contact time increases till equilibrium. Besides, it was found 
that higher initial metal concentration resulted to better adsorption uptake till it 
reached its limit as the adsorbate per adsorbent ratio increased. Adsorption is 
optimum from pH 5 to 9 for chromium, while for lead, ph 6 and ph 9 are considered 
as optimum pH. Increased in temperature will slightly promote desorption of lead. 
However, it does not affect much on chromium adsorption. The equilibrium data 
fitted to Freundlich isotherm better for both metals in comparison with Langmuir 
isotherm, indicating that the adsorption processes are multilayer. 
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1.1 Background of study 
It is an undeniable fact the pollution of water resources due to the disposal of heavy 
metals has been causing worldwide concern. The major industries contributing to this 
problem are mining, metallurgical, chemical, tannery, battery manufacturing 
industries, fossil fuel, the modern chemical industry is bases largely on catalysts, 
many of which are metals or metal compounds, production of plastics, such as 
polyvinyl chloride, involves the use of metal compounds, particularly as heat 
stabilizers and etc. (Atieh, 2011 ). 
The existence of excessive amount of heavy metals such as cadmium, chromium, 
copper, lead, mercury, nickel and zinc in an aqueous environment is a detriment 
because of their toxicity and carcinogenicity (Lu et al., 2006). Metals are non-
degradable and can be accumulated in living tissues (Li et al., 2003). 
For an example, lead poisoning in human will cause severe damage to the kidney, 
nervous system, reproductive system, liver and brain (Wang et al., 2007), while 
severe exposure of lead has been linked with sterility, stillbirths and neo-natal deaths 
(Wang et al., 2007). 
Carbon is the main building block of a myriad of organic and inorganic matter 
around us. Carbon nanotubes (CNTs), a new-famous member of carbon family were 
first reported by Iijima in 1991 (Li et al., 2003). The tubes consist of rolled up 
grapheme sheets, which exist as single-walled or multi-walled depending on their 
preparation conditions. CNTs have been experimentally proven to possess 
exceptional mechanical properties, unique electrical properties, high chemical and 
thermal stability and large surface area, attracting great attention in latent application 
(Li et al., 2003). Carbon nanofibers (CNFs) in the other hand, are produced using the 
same method as CNTs but at lower operating temperature. Both CNTs and CNFs 
1 
have shown capability of adsorbing heavy metals from the aqueous solution. 
1.2 Problem statement 
1.2.1 Problem identification 
The contaminated effluents with heavy metals are undoubtedly a concern to the 
people. Many methods have been tried by the researchers in order to remove heavy 
metals which are precipitation, ion exchange, membrane filtration, electroplating, 
evaporation and adsorption. Among of these methods, adsorption is considered as the 
best method for heavy metals removal. A lot of adsorption methods have been 
developed and used to remove metal ions from wastewater such as granulated 
activated carbon, fly ash, peat, recycled alum sludge, peanut hulls, resins, kaolinite, 
manganese oxides, zeolite and biomaterials (Atieh, 2011). 
In Malaysia, many freshwater resources such as river and lake are polluted by heavy 
metals. For examples, the Selangor river is contaminated with arsenic (As), mercury 
(Hg), cadmium (Cd), chromium (Cr), lead (Ph), zinc (Zn), copper (Cu), nickel (Ni), 
selenium (Se), and barium (Ba) (Fulazzaky et al., 2010) Besides, Tasik Chini is 
contaminated with lead (Ph), cadmium (Cd) and Copper (Cu) (Ebrahim pour and 
Mushrifah, 2007) while Juru River in Penang is contaminated with zinc lead (Ph), 
zinc (Zn) and copper (Cu) (Lim and Kiu, 1994). 
In this study, carbon nanotubes (CNTs) and carbon nanofibers (CNFs) were used as 
the adsorbents in removing Pb(Il) and Cr(III) from the aqueous solution by batch 
method. The influence of contact time and initial concentration of metals were 
investigated. 
1.2.2 Significance of the project 
By doing this study, the capability of CNTs and CNFs as the adsorbents to remove 
heavy metals which are lead nitrate Pb(N02)1 and chromium chloride CrCh were 
experimented. The efficiency of the absorbents in adsorbing those metals was 
examined. 
2 
1.3 Aim and objectives 
1.3. 1 Main aim 
The aim of the research is to study the feasibility of carbon nanomaterials such as 
carbon nanotubes (CNTs) and carbon nanofibers (CNFs) in adsorbing heavy metals 
' (lead and chromium) 
1.3 .2 Specific objectives 
The objectives of the study are: 
• To investigate the influence of the contact time on lead(II) and chromium(III) 
adsorption using CNTs and CNFs as the adsorbents. 
• To study the effect of initial concentration on lead(II) and chromium(III) 
adsorption using CNTs and CNFs as the adsorbents. 
• To examine the effect of initial pH on lead(Il) and chromium(TII) adsorption 
using CNTs and CNFs as the adsorbents 
• To study the effect of temperature on lead(II) and chromium(III) adsorption 
using CNTs and CNFs as the adsorbents 
1.3 .3 Scope of study 
• Investigation of the influence of the contact time in the adsorption process by 
varying the contact time by prolonging the contact time so that the 
equilibrium can be reached. 
• Investigation of the effect of the initial concentration of heavy metals at 
different initial concentration. Different initial concentration of metal 
solutions can be achieved by dilution process. 
• Study of the adsorption processes at different pH for both metal ions solution. 
Different pH can be achieved by adding sodium hydroxide or hydrochloric 
acid. 
3 
1.4 Relevancy of project 
This project is important to be done; it investigated the capability of CNFs to be used 
as the adsorbents to adsorb heavy metals - lead (II) and chromium (III) which are 
hazardous to living organism. 
1.5 Feasibility of the project 
The project's scope covered the chemical engineering aspect where two types of 
parameters those influenced the adsorption process were studied. Doing this project, 
the understanding of adsorption process and its importance were enhanced. 
Thus, this project - study of lead (II) and chromium (III) adsorption using carbon 




2.1 Factors affecting the adsorption process 
2.1.1 Effect of contact time 
Increase of contact time will result to better adsorption capacity as reported by Atieh, 
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Figure 2-1: Effect of contact time on zinc removal using R-CNFs and M-CNFs at 
150 rpm, pH 7 and 50mg (Atieh, 2011) 
Figure 2-1 shows the percentage of removal at different contact time. It can be noted 
that as the contact time increased from I 0 to 220 minutes, both of raw carbon 
nanofibers (R-CNFs) and modified carbon nanofibers (M-CNFs) had increased in 
removaL However, the increased of removal ofR-CNFs is more significant than M-
CNFs. It is believed that increase contact time will give more time for the adsorption 
process to take place and thus increasing the uptake. 
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2.1.2 Effect of initial metal concentration 
High initial metal concentration will lead to better adsorption uptake as reported by 
Ahmed et al., (2010) and vice versa is reported by Atieh, (2011). 
100 100 
90 90 ""' ~ 
ao flO 110 l: 70 l 60 A' 150 so I : 40 30 i 20 ....... Sorption capacity 20 10 10 
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0 20 40 60 80 
Initial oonc. {mg L ') 
Figure 2-2: Effect of initial Pb concentration on sorption capacity and removal 
(Ahmed et al., 2010) 
Figure 2-2 described that specific metal uptake increased with an increase in the 
sorbate concentration (Ahmed et al., 2010). The highest uptake of CNFs was around 
89 mg g-1 at the initial Pb concentration of70 mg L-1 with lowest sorption capacity of 
15.77 (mg g-1) at initial concentration of 5 mg L-1 (Ahmed et al., 2010) The 
improvement in metal adsorption could be due to an increase in electrostatic 
interactions involving the site of progressively lower affinity for metal ions (Ahmed 
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Figure 2-3: Effect of zinc concentration on percentage of removal of zinc at 150 rpm, 
pH 7 and 2 hr (Atieh, 20 II) 
In the experiment as reported by Atieh, (20 II) various concentrations of zinc 
solution (I, I. 5 and 2) ppm were used in order to study their effect in percentage of 
removal as seen in Figure 2-3. It is clearly can be seen that the percentage removal of 
zinc decreases with increasing concentration using M -CNF s and there is no effect of 
R-CNFs on the removal of zinc at different concentration (Atieh, 2011). 
2. 1.3 Effect of pH 
Higher pH value will lead to high metal removal as reported by Atieh, (20 II), 
Ahmed et al., (2010), Wang et al. (2007), Stafiej and Pyrzynska, (2007), Chen and 


















Figure 2-4 Effect of modified CNFs (M-CNFs) and raw CNFs (R-CNFs) on the 
removal of zinc at different pH (Atieh, 2011) 
One of the main parameters that control the adsorption of ion solid-water interfaces 
is pH of the aqueous solutions (Atieh, 2011). Figure 2-4 shows the effect of pH on 
the adsorption of zinc used as a model of divalent metal ion on R-CNFs and M-
CNFs. Maximum removal of zinc species was achieved at pH 5, it can be observed 
that, around 20% removal of zinc was obtained by R-CNFs and 90% of removal of 
zinc was achieved by M-CNFs. The M-CNFs which was functionalized with 
carboxylic (COOH) functional group increase the adsorption rate of CNFs due to 
strong interaction between the ions positive charges and functional groups negative 
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Figure 2-5 Effect of pH on removal ofPb using CNFs (Ahmed eta!, 2010) 
Figure 2-5 shows the effect of pH. The lead removal recorded its minimum pH value 
at pH 2 which can be justified on the basis that at lower pH values, the H' ions 
compete with the metal cation for the adsorption sites in the system (Ahmed et a!, 
2010). Maximum removal was obtained at pH 5.5 and it remained constant at higher 
pH where the removal occurs due to precipitation at pH higher than 6. 
2.1.4 Effect of temperature 
Increase in temperature will lead to better adsorption uptake as reported by Chen and 
Wang, (2006) and Lu et aL, (2006). According to Lu et el, (2006), the increase in 
metal uptake is due to the release of H~ ions from the surface sites of adsorbent 
(CNTs), where the metal ions (Zn2+ are then adsorbed onto the surface sites and thus 
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Figure 2-6: Langmuir isotherm of Zn(II) sorption by multi walled carbon nanotubes 
(MWCNTs) at various temperatures (Lu et aL, 2006) 
Figure 2-6 shows the plot of Langmuir isotherm of Zn(II) by MWCNTs. It can be 
seen that the adsorption capacity of MWCNTs increase with a rise in temperature 
and high capacity was observed at 35 and 45°C. 
2.1.5 Effect of adsorbent dosage 
The effect of adsorbent dosage was studied by Atieh, (20 11 ), Sharma and Gad, 
(2010) and Li et aL, (2003). Two different findings were reported. Sharma and Gad, 
(2010) and Li et aL, (2003) are in agreement that increased in adsorbent dosage will 
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Figure 2-7: Effect ofCNFs' dosage on percentage of removal of zinc at !50 rpm, pH 
7 and 2 hr (Atieh, 2011) 
However, from Atieh, (2011), the influence of zinc sorption on CNFs dose was 
studied by varying the CNFs dosage from 50mg to !50 mg. as seen in Figure 2-7. 
From the figure, it can be observed that 97% of zinc was removed using M-CNFs at 
150mg dosage. It suggests that after solution reaches its saturated phase, the 
maximum adsorption sets in and hence the amount of ions bound to the adsorbent 
and the amount of free ions remain constant even further addition of dose of 
adsorbent (Atieh, 2011). 
2 .!. 6 Effect of agitation speed 
The influence of the agitation speed was studied by Atieh, (20 11) Figure 2-8 shows 
the effect of agitation speed by varying the speed from 100 rpm to 200 rpm. The 
removal of efficiency of M-CNFs increases as the agitation speed increases, giving 
us an idea that increases in agitation speed improves the diffusion of zinc ions 
towards the CNFs' surface (Atieh, 2011) However, a fluctuation of percentage of 
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Figure 2-8: Effect of agitation speed on percentage removal of zinc at pH 7 and 2 hr 
(Atieh, 20 II) 
2.1. 7 Effect of functionalization 
In the latest research concerning the topic (Atieh, 2011), discussed the effect of 
functionalized CNFs in removing Zn(ll) ions from water. It is found that the 
carboxylic functionalized CNFs are better than raw CNFs in adsorption process. 
(Wang et al, 2007) studied the removal of Pb(II) fi·om aqueous solution by 
adsorption onto manganese oxide-coated carbon nanotubes. From the research, it is 
observed that Mn02/CNTs adsorbent is better than pristine CNTs. 
Adsorption ofNi(II) from aqueous solution using oxidized MWCNTs/HN03 (Chen 
and Wang, 2006) was studied. From the research, it is discovered that oxidized 
MWNTs has better uptake capacity in comparison with pristine MWCNTs, thus in 
agreement with (Wang et al., 2007). Besides, it is realised that the uptake capacity is 
optimum at pH 8. 
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2.2 Functionalization of carbon nanofibers (CNFs) 
Functionalization can be described as the addition of functional group onto the 
surface of a material. In CNFs context, the functionalization process can be defined 
as the addition of functional groups onto the CNFs surfaces. 
2.2.1 Carbon Nanofibers and Carbon Nanotubes functionalization 
Figure 2-9 shows the schematic representation of a CNF. Unlike CNTs which 
structure is cylindrical, CNFs structure is consisting of multitude of small graphite 
layer separated with each other and it increases the likelihood of functionalization. 
While for CNTs, the possible functionalization types can be seen in Figure 2-1 O.For 
CNTs, there are two possible ways of doing functionalization which can be either 
endohedral (inside CNTs) or exohedral (outside CNTs) In CNTs case, covalent 
functionalization of functional groups only can be done at the nanotube end or 
defects (Guzeliya, 2008). 
CNFs is undoubtedly advantageous of its large surface are for active reaction sites 
(Lee and Im., 2010) and thus functionalization process or modification is done in 
order to acquire some properties of the CNFs for examples to have better electrical, 
dispersion, physical and metal removal properties. 
Nanopores Edges 
Figure 2-9: Schematic representation of a carbon nanofiber consisting of a multitude 
of small graphite layers separated at a distance of0.35 nm (Rodriguez, 2000) 
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Figure 2-10: A) defect-group functionalization, B) covalent sidewall 
functionalization, C) noncovalent functionalization with surfactants D) noncovalent 
functionalization with polymers and E) endohedral functionalization (Komeva, 2008) 
It is known that surface properties are often differ from the bulk material properties 
due to ditferences in physical structure and chemistry (Klein et al., 2008). Besides, 
the surface is a dynamic system that interacts with environment, giving the idea that 
the characteristic can be exploited for many applications. Nanostructured materials' 
surfaces are special because of their enhanced role in determining functional 
properties which more pronounced as the surface-to-volume ratio increases (Klein et 











\'crtirally Alignrd Carbon Xanofibrr 
Figure 2-1 I : Schematic of carbon nanostructures a) single sheet of graphite, b) CNT 
consisting of concentric grapheme sheets, c) CNF composed of stacked grapheme 
cones at an angle alpha with respect to the axis of the fiber. The two primary CNFs 
structures: d) herringbone-type CNF and e) bamboo-type CNF f) vertically aligned 
CNF composed of aNi catalyst nanoparticle at the tip and a graphitic fiber body 
(Klein et al. , 2008) 
Figure 2-11 shows (a) a CNT, more specifically a single-walled CNT, which can be 
considered as a graphene sheet, rolled into a cylinder where multiple concentric 
sheets create a MWCNT as can be seen in (b), by introducing five and seven member 
rings into the grapheme will allow the formation of curved structures such as 
"buckyballs" and nanocones. However, CNFs are a class of these materials that have 
curved grapheme layers or nanocones stacked to forrn a quasi-one-dimensional 
filament, whose internal structure can be characterized by the angle a. between the 
grapheme layers and the fiber axis as seen in (c). One general distinction observed is 
the difference between the two main CNFs types: "herringbone" (d), with dense 
conical graphene layers and large a., and "bamboo" (e), with cylindrical cuplike 
graphene layer and small a, which is more similar to MWCNT but in the case of a 
tme CNT, the value of a. is zero (Klein et al., 2008). Regardless of distinct 
diiTerences in the internal structures, CNFs are often called CNTs as they can display 
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similar morphology to MWCNTs but the physical and chemical prope1iies are 
different Nanotubes are reported to display ballistic electron transport and diamond 
like tensile strength along the axis, nanofibers have proven the robustness as 
individual, freestanding structures with higher chemical reactivity and electron 
transport across their sidewalls, important for functionalization and electrochemical 
application (Klein et al., 2008). 
2.2.2 Surface characterization techniques 
This section will discuss the experimental surface characterization work by technique 
with brief explanation of each technique. 
Scanning pi'Obe microscopy (SPM) 
SPM technique surveys small area of surface with high lateral resolution. SPM 
techniques include scanning tunnelling microscopy (STM) ad atomic force 
microscopy (AFM) (Klein et al., 2008). 
• Scanning tunnelling microscopy (STM) 
STM maps the surface of electrically conductive material with sub-Angstrom 
vertical resolution. STM observations are used by Parades et al to address the 
atomic scale reorganization of the CNF surface after oxidation (Klein et al, 
2008). 
• Atomic force microscopy (AFM) 
The obvious advantage of AFM is that it can generate high lateral resolution 
images with superb z-height discrimination from all types of surfaces, even those 
that are wet or insulting. Besides, AFM is sensitive to chemical changes via 
molecular recognition and friction imaging, otherwise known as chemical force 
microscopy. An AFM-based approach was developed to resolve hydrophilic 
oxygen group regions on carbon surfaces which work on the detection of phase 
changes in the non contact tapping mode of AFM. Parades et al. (2002) applied 
this approach to detect and map the oxygen functionalized content of CNFs 
surfaces. However, phase image contrast is a relative measure within a given 
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image limiting sample to sample comparisons (Klein et al., 2008). 
Infrared (IR) spectroscopy 
IR spectroscopy is a robust and easy method for characterization of surfaces with the 
addition of the interferometer. Surface sensitive IR techniques can probe depths of a 
few centimetres to as shallow as I OOnm below the surface Meanwhile CNFs are 
generally on the order of 20-200nm in diameter, the spectra convey "bulk" chemical 
information. However, this can be useful to distinguish which surface groups are 
present (Klein et al., 2008). An example, Ros et al., (2002) compared the surface 
structure of untreated bamboo-type to herringbone-type CNFs using transmission JR. 
Herringbone fibers, in which the sidewalls terminate with greater number of reactive 
graphitic edges was hypothesize, would be more susceptible to surface oxidation 
than bamboo CNFs. By putting the transmission levels from each sample the same, 
the fibers are compared in Figure 2-12. Overall, Ros et al., (2002) concluded that the 
CNFs have a defect-rich structure and the carbon-hydrogen bonds are present on 
herring as well as bamboo fibers (stretching at 3012, 2947, 2917 and 2846 cm-1). 
However, noted that only herringbone fibers showed evidence of carbonyl groups 
(1717-1712 stretch) and a loss of mass as C02 when annealed. 
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Figure 2-12: TEM of untreated (a) fishbone (herringbone) and (b) parallel (bamboo) 
CNFs with the corresponding IR spectroscopy results (Ros et al., 2002) 
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Electron spectroscopy 
When x-rays of sufficient frequency (energy) interact with an atom, inner shell 
electrons in the atom will get excited and move to the outer, emptying the orbitals or 
they may be ejected from the atom completely and thus ionizing the atom (Klein et 
a!, 2008). Some of the techniques are: 
• X-ray photoelectron spectroscopy (XPS) 
XPS works using an x-ray source with energy in the keY range, the escape depth 
of core-level photoelectron in only several atom layers deep with a lateral spatial 
resolution from -30f!m to a few millimeters. The data produced permit the 
detection of all elements except hydrogen and helium with a sensitivity of higher 
than 1 at% (Klein et aL, 2008). 
• Ultraviolet photoelectron spectroscopy (UPS) 
UPS is almost the same with XPS but it uses ultraviolet radiation (10-50 eV) to 
excite valence-level photoelectron of much lower kinetic energies (Klein et a!, 
2008) 
• Auger electron spectroscopy ( AES) 
A general advantage of AES is that the yield of Auger electrons is highest for the 
lighter elements such as C, Si, N and 0. Besides, the incident electron beam can 
be focused to a fine spot giving excellent lateral spatial resolution on the order of 
a few tens of nanometers (Klein et aL, 2008). 
Electron microscopy 
Scanning electron microscopy (SEM) is perhaps the most widely and frequently used 
method of characterizing the morphological structure and topography of a sample. 
Transmission electron microscopy (TEM) and scanning transmission electron 
microscopy (STEM) are not only conveying information about the nanostructure as a 
whole, but also show the presence of surface interface by high-resolution TEM 
(HRTEM). An energy dispersive X-ray (EDX) is a common companion tool to both 
SEM and TEM which readily gives the elemental composition of the sample and 
useful in generating elemental maps (Klein et aL, 2008). 
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• Scanning electron microscopy (SEM) 
SEM is the most widely used surface imaging technique, the depth from which 
the relevant secondary electrons typically escape (usually ranging from 5-10 nm 
deep depending on the material) results in the image containing both surface and 
bulk information. Brightness· and image contrast can also be ambiguous and not 
quantitatively topographical where edges are often highlighted and surface 
charging can result in large fluctuations in signal level as well as in distortions of 
the scan raster (Klein et al , 2008). 
For an example, Xia et al., (2005) shows morphological change in the fiber 
surface as seen in Figure 2-13. The morphological transition from a smooth fiber 
(a) to one with protrusions from the surface in {b), agrees with the processing 
steps used to grow secondary fibers from iron oxide particles deposited on the 
oxidized CNFs 
Figure 2-13 : SEM images of plasma treated CNFs (a) before and (b) after a 5 min 
growth of secondary nanofibers (Xi a et al., 2005) 
• Transmission electron microscopy (TEM) 
STEM and TEM can be used to analyze the surface as well as internal structure 
of CNFs. Both real space ("image") and reciprocal space ("diffraction") data 
together with chemical and electronic analytical information (derived from EDX 
or EELs), can be obtained from the same nanoscale area. Therefore. TEM and 
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STEM can provide a wide deep range of data about the specimen of interest 
(Klein et al., 2008). 
For an instance, a study of nanofiber structural effects of different catalysts (Ni 
versus Pd) was done by Ominami et al., (2005). lt can be observed in Figure 2-14 
that the Ni-catalyzed fibers have graphitic planes ending on sidewalls of the fiber 
111 a heningbone fashion, whereas the Pd-catalyzed fibers have 
multiwallednanotube-like layers on the outer walls of the fiber. Ominami et al., 
(2005) credited the increased electrical conductivity along the length of the Pd-
catalyzed CNFs to the improvement in the graphitic structure and lower interface 
resistance with the substrate. 
Figure 2-14: STEM images and cartoons ofthe nanofiber outer wall structure [(a) 
and (b)] using aNi catalyst and [(c) and (d)] using Pd catalyst The white arrows in 
the STEM images points towards the catalyst particles at tip of the fiber (Ominami et 
al. , 2005) 
• Electron energy loss spectroscopy (EELS) 
EELS used to measure the energy spectrum of the electron beam transmitted 
through the sample in the TEM or STEM which contains chemical data, which 
are complementary to those derived from EDX, but with much higher sensitivity 
for the lower atomic number elements (Z<20) (Klein et al., 2008). 
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Secondary ion mass spectrometry (SIMS) 
SIMS is a powerful characterization tool with outstanding surface sensitivity on the 
scale of a few atomic layers. SIMS provides detection limits surpassing those 
attainable with XPS (Klein et aL, 2008). There are two types of SIMS experiments, 
dynamic SIMS (D-SIMS) and static SIMS (S-SIMS). 
• Dynamic SIMS (D-SIMS) 
D-SIMS used a continuous, high-flux stream of primary ions having an energy of 
1-20 keV bombards the surface and fragments it as much as possible to maximize 
the generation of charged atomic species which serves a second purpose of 
eroding (sputtering)the sample's surface for elemental depth profile information 
(Klein et aL, 2008). 
• Static SIMS (S-SIMS) 
Opposite ofD-SIMS, the aim of S-SIMS is to maintain the molecular integrity of 
the surface fragments as much as possible. Thus, a pulsed source is ofien used, 
the primary beam flux is reduced, and the beam is rastered to generate larger 
charged sample fragments. Due to the fact that many detected species are not 
distinctly identifiable, S-SIMS is only qualitative (Klein et aL, 2008). 
Temperature-programmed desorption (TPD) 
TPD is often called as thermal desorption spectroscopy (TDS), is a method of 
characterizing adsorbed surface species by heating the sample under vacuum and 
simultaneously detecting the residual gas by means of a mass spectrometer. As the 
temperature rises, certain adsorbed species will have enough energy to escape or 
desorb from the surface and will be detected as a rise in pressure for a particular 
component (Klein et aL, 2008). 
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Atom probe 
Atom probe is an instrument used to combine a probe-aperture field ion microscope 
(with atomically high resolution) and a mass spectrometer (with single particle 
sensitivity). The scanning atom probe (SAP) work by field evaporating surface atoms 
from the sample for mass analysis. Therefore, for field improvement purposes, 
protruding, high aspect ratio structures are suggested (Klein et aL, 2008). 
2.2.3 Smface modification techniques 
It is very vital to control the surface chemistry of CNFs in order to define their 
functionality. Either it used for microfluidic or intracellular devices, the surface 
charge, hydrophobicity or chemical reactivity of CNFs can be altered through both 
physical and chemical modifications. 
Chemical vapour deposition ofthin film coatings 
Deposition of a thin film coating on the external surface of a CNF provides a means 
to impart special properties and functionality nanofibers which may be fat beyond 
the scope of those attainable with the carbon nanostructure alone, thereby making 
coatings an extremely useful component (Klein eta!, 2008). Due to high aspect ratio 
limited line-of-site access to the CNF bases, the most common approaches to thin 
film coatings for nanofibers are chemical vapour depositions (CVDs) routes. Some 
of the examples are: 
• In situ PECVD (Plasma-enhanced CVD) coatings and surface modification 
PECVD involved in the catalytic synthesis of carbon nanostructures where the aim is 
not only to control the internal graphitic structure but also significantly affect the 
condition of the nanofiber structure. Figure shows how the cone angle can be 
controlled by changing the source/etchant gas ratio. 
22 
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Figure 2-15: Schematic representation of the growth of(a) a CNF using conventional 
thermal CVD, (b) vertically aligned carbon nanostructure using PECVD, and (c) a 
carbon nanocone formed due to additional precipitation of C on the outer walls 
during PECVD (Klein eta!, 2008) 
• CVD of oxides and nitrides 
Basically, the most common coatings deposited on both CNFs and CNTs via 
CVD methods is silicon oxide and the process of coating hollow CNFs with 
nitrice are with aims to acquire some properties for the CNFs (Eg; to acquire 
hydrophilic properties) (Klein eta!, 2008). 
• CVD of polymers 
Besides, several groups have also coated CNTs and CNF with polymer thin films 
using CVD routes (Klein et a!, 2008). 
• Atomic layer deposition (ALD) 
ALD occurs similarly to standard CVD with an exception that in an ALD process 
the CVD reaction is broken into two half-reactions, keeping the precursor 
materials separate throughout of the process (Klein et a!, 2008). 
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Electro- or electroless plating 
The introduction of electrically addressable vertically aligned carbon nanofiber-
V ACNF material has enabled a multitude of electrochemical modification strategies 
(Klein et aL, 2008). 
Extremely high surface area metallic electrodes have been demonstrated by Metz et 
al, 2006 using electroless deposition of gold onto herringbone-type V ACNFs as 
shown in Figure 2-16. Exposed graphite planes of the vertical carbon material were 
first functionalized with carboxylic acid site using photochemical capture and 
deprotect of the methyl ester of undecylinic acid under nitrogen-purged 254nm 
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Figure 2-16: (a) Schematic illustration of the steps involved in the functionalization 
ofCNFs and subsequent procedure for electroless deposition. (b) chemical 
transformations involved in the nanofiber modification (Klein et aL, 2008) 
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Chemical functionalization 
Graphitic materials, when they are in their original state and free of surface oxygen 
group are hydrophobic in nature. However, following routine activation procedures, 
these materials can exhibit some degree of hydrophilic character. The chemical 
stability of CNFs allows their surface chemistry to be controlled with variable 
wettability both hydrophobic and hydrophilic. Chemical, biochemical and 
electrochemical functionalization of V ACNF mate1ial are usually preceded by an 
oxidation step in which amorphous material is removed and oxygen-containing 
moieties are generated on the surface. The most commonly noted are carboxyl 
surface terminus species (Klein et al., 2008). Some examples of chemical 
functionalization are: 
• Wet etch treatment 
Wet etch treatment is based on recalcitrance of low defect-harboring CNT 
material, early attempts with carbon nanostructure functionalization employed 
aggressive acidic pretreatment methods (Klein et al., 2008). For an example, Ros 
et al., (2002) surveyed several surface oxidation methods and concluded that a 
mixture of concentrated nitric and sulfuric acids was the most effective methods 
for attaching oxygen containing surface groups to defect sites on the nanofiber 
surface (Klein et al., 2008). 
• Plasma treatment 
Surface treatment of mesocarbonmicrobeads found that oxygen plasma oxidized 
the carbon surface, resulting in the formation of acidic groups, where in contrast, 
nitrogen and ammonia plasma treatments produced basic functionalities (Klein et 
al.,2008). 
• Photochemical functionalization 
Photochemical functionalization is a technique that allows the UV -induced 
reaction of -H groups on the nanofiber sidewalls with alkenes terminated 
molecules (Klein et al., 2008). 
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• Thermal treatment 
Thermal treatment in oxidizing atmospheres has been reported to removal of 
amorphous material and for the oxidation of graphitic material to chemically 
create functionalized group (Klein et al, 2008). 
• Addition of linkers and polymers 
Addition of linkers and polymers is done by adding covalent addition of linker 
molecules and polymer to improve CNFs functionality. 
2.3 Review remarks 
From literature research that has been done, it was discovered that both CNFs and 
MWCNTs have the capability as the adsorbents to adsorb Cu (II), and Pb(Il) from 
the aqueous solution. The modified CNFs and MWCNTs are better than pristine 
CNFs and MWCNTs as the adsorbents. pH, contact time, temperature, adsorbent 
dosage, metal concentrations and modifications done to CNFs or MWCNTs are 




3.1 Preliminary research analysis 
For preliminary research analysis, related journals and papers concerning the topic 
were searched. They were reviewed, the results those were important were noted and 
recorded. 
3.2 Laboratory work 
In this research, CNTs and CNFs were used as the adsorbents to remove lead(ll) and 
chromium(III) in the aqueous solution, 4 parameters were varied which were: 
• Contact time 
• Initial concentration 
• pH 
• Temperature 
Chemicals and adsorbent used 
Table 3-1: List of chemicals and adsorbent used 
Chemicals Purity(%) 
Chromium Chloride CrCb 99 
·· ·•· :t)'y~•~c~l~~c ~~ti~;~~f,;>,> · 
Sodium Hydroxide (NaOH) 99 
Carbon nanofibers (CNFs) 99.4 (self-synthesized) 
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Expel"imental set up 
Table 3-2: Equipment/tools required for experiment 
Equipment used Purpose 
Volumetric flask (250m!& For metal solution preparation 
lOOm!) 
~r~!l~~iJ.t¢iiJ~H~~t~f'~5~1Jlt~{··•••· f.<'\t''Q w~Ml!re:vol\in\e{lfmetw~ol~til;!n· 
Pipet 
(Fii~n¢.1 
Test tube rack 
'JJ~ll:ir 
Digital weigh 
For metal solution preparation 
'·< .. ·%J1pr·m~t~t1•$Rl\ltl6~piep11J.'l).tlo.n .... •.·.·. · 
.,.,·.-.·---.- ., .• -- ···,"·· -·- ',• -·-·i'·'•',•''' ,_.., ... ,·.·----·.--·-· 
To place sample test tube 
For adsorbents (CNTs and CNFs) weight 
measurement 
Glass plate/ Petri dish To be used for absorbents measurement 
~t~~f¢ •.••·•····· .... •·.···.. .·.<··. •· ···•·• ~.,~ .. ivfi\1~ i)'to 1!'l&t cq.n~e:ntJiatlo!l • qfhAAYY. ili¢ti*t~ re.rnahied spe~rP~~ter.(~~&}.r'' ·.··•<· · · Y c/' 
Bath shaker To provide shaking motion to samples and 
adsorbents 
Surface area analyser To test surface area of adsorbent (CNTs and CNFs) 
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3.3 Experimental methods 
3 .3. 1 Experimental flow 
Figure 3-1 shows the experimental flow of the adsorption process. 
Metals ions solution were prepared at 
controlled pH and concentration. 
_j L 
Heavy metals - leadand chromium were 
absorbed by the adsorbents (carbon 
nanomaterials) in the baU1 shaker at 200 
rpm. 
n 
Mettll ions soluti.;;;" were filter using 
ultrafiltrator by membrane filter paper. 
n 
Metal .-concentratlons were determined 
using AAS. 
Figure 3-1: Adsorption process experimental flow 
3.3 .2 BET surface area and pore size distribution testing 
Using surface area and pore size analyser, the BET surface area and pore size 
distribution of CNFs and CNTs were tested. It was determined by the adsorption of 
N2 gas at 77K onto the sample. It determines surface area measuring the amount of 
nitrogen gas adsorbed as a function of pressure. Figure 3-2 shows the surface area 
and pore size analyzer. 
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Figure 3-2: Surface area and pore size analyzer 
3.3.3 Batch adsorption studies 
The metal adsorption experiments were carried out at room temperature (15°C). The 
metal solution were placed in a conical flask and agitated using a rotary shaker at 
constant speed. After the experiments, the metal concentrations were tested using 
aton,jc absorption spectrometer (AAS) as seen in Figure 3-3 . 
Figure 3-3 : Atomic adsorption spectrophotometer (AAS) 
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3.3.4 Metal solution preparation 
Depending on the variable, for an example pH, the metal solutions were prepared 
according by diluting the metals powder in respective amount of deionised water 
using lOOOml volumetric flask. The pH of solution was controlled by addition of 
0.1M NaOH and 0.1 M HCL 
For lead (Pb), five different solutions concentration are prepared, they were, 3, 6, 9, 
12, 15 ppm, while for chromium, (Cr), 5, 10, 15, 20, 25 ppm solutions concentration 
were prepared. 
3.3. 5 Effect of contact time of metal adsorption 
The same methods were repeated as in Section 3.3 .1. In order to investigate the effect 
of the contact time of metal adsorption, the samples were taken at different contact 
time. For lead, the contact time were 1,2 ,3 and 4 hours, while for chromium, the 
contact time were, 0.33, 0.67, 1,2,4,6, and 24 hours. 
3.3 .1 Effect of initial metal concentration on metal uptake 
For initial metal concentration, preliminary analysis were done at lower metal ions 
concentrations which were 3,6, 9, 12, 15 ppm for lead and using both of CNFs and 
CNTs. The scheduled experiments were done using CNFs adsorbent for both metals 
- lead and chromium. The initial metals concentrations were increased from 5, 10, 
15, 20 to 25 ppm for both lead and chromium The other parameters were kept 
constant throughout of the experiment. Figure 3-4 shows the bath shaker used in the 
adsorption process. 
31 
Figure 3-4: Bath shaker used in the adsorption process 
The solutions were filtered using membrane filter paper using ultrafiltrator. The 
concentrattons of the remaining metal ion in the solution, C.: were measured by 
Atomic Adsorption Spectrophotometer (AAS). 
% Adsorption = (Co - C)/C0 x l 00 
Co and C: are the initial and final concentration of the adsorbate respectively. 
3.3.2 Effect of pH 
In order to study the effect of pH, 8 different pH were used ranging from pH 1 - I 2. 
They were pH 1, 3, 5, 6, 7, 9, 1 I and 12. The others parameters were kept constant 
throughout of the experiment. 
3.3.3 Effect of temperature 
In order to investigate the influence of temperature, 3 different bath temperatures 
were used; they were 25, 35 and 45°C The temperatures were varied by using the 
temperature controlled bath shaker. The remaining parameters were kept constant 
throughout of the investigation. 
32 
3.3 .4 Adsorption isotherms model 
Two types of isotherms - Langmuir and Freundlich were developed from the 
experimental data in describing the adsorbate concentration and the degree 
accumulation onto the adsorbents. The Langmuir isotherm assumes that the 
adsorption is a single layer adsorption process. The linearized Langmuir isotherm 
can be written as Eq. I: 
(I) 
where C, is final concentration of solution after adsorption ( mg/L ), Xm is the 
monolayer sorption capacity, K is the constant related to adsorption energy and Q, is 
the amount of metal adsorbed per unit mass of adsorbent (mg/g). 
Freundlich isotherm assumes that the adsorption of adsorbate onto the ad so bent's 
surface is a multilayer adsorption process. The model can be represented in the 
following linearized form Eq 2 
logQ, =log Kr + (1/n) logC, (2) 
where Kr is the multilayer sorption capacity, C, is the final concentration of solution 
after adsorption (mg/L), 1/n is the Freundlich intensity parameter and Q, is the 
amount metal adsorbed per unit mass of adsorbent (mg/g). 
3.3.5 Metal concentration determination using AAS 
Metal concentrations before and after the adsorption process were determined using 
AAS. AAS - atomic absorption spectrophotometer is equipment which designed to 
determine the amount (concentration) of an object element in a sample, utilizing the 
phenomenon that the atoms in the ground state absorb the light characteristic 
wavelength passing through an atomic vapour layer of the element (B. General Test, 
2001) 
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3.4 Gantt Chart for the First Semester of FYP 
Figure 3-5: Gantt chart for the first semester of final year project 







• Metal adsorption experiment commenced 
6 I Submission of interim draft report 
7 I Submission of interim report 
:Process 
tf-'-'iH-c>O:Hi;,;;J 
I : Completed milestone 
7 
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3.5 Gantt Chart for the Second Semester of FYP 
Figure 3-6: Gantt chart for the second semester of final year project 
No I ·Project .Activities 
Project work continues 
• Experiment continued 
• Resnlt analysis 
2 I Submission of progress report 
3 I Project work continues 
4 
5 I Submission of draft report 
7 I Submission of technical paper 
8 I Oral presentation 
9 I Submission of project dissertation (hard bound) 
:Process 
I : Completed milestone 
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CHAPTER4 
RESULTS AND DISCUSSION 
4.1 BET Surface area carbon nanomaterials 
Carbon nanofibers (CNFs) and carbon nanotube (CNTs) surface areas were analysed 
using surface area analyser. The BET surface areas ofCNFs were found to be 194.99 
m
2/g, while for CNTs, the BET surface area was found to be to be 478.99 m2/g. 
4.2 Pore size distributions 
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Figure 4-1: Pore size distribution of carbon nanofibers (CNFs) 
Figure 4-1 shows pore volume, (cm'/g· A) versus the pore width, (A) of carbon 
nanofibers. From the results, the pore volume is highly dominated by pore width of 
38.2767 A which cover pore volume of 0.00831 cm'/g·A. It shows that CNFs is a 
mesoporosity adsorbent of38.2767 A which is equal to 3.82767 nm It is in between 
2 - 50 nm and thus it is classified as meso pores. The distribution of the pore can be 
classified as in Table 4-1. 
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Table 4-1: Classification of pore size (IUPAC) 
Type of pore Typical size 
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Figure 4-2: Pore size distribution of carbon nanotubes (CNTs) 
Figure 4-2 shows the pore size distribution of CNTs. The pore volume is highly 
dominated by pore width of 20.1572A which involves pore volume of 
0.012032cm'/g·A. Thus, it can be seen that CNFs is mesoporsity adsorbent with pore 
width of20.1572 A or 2.01572 nm. 
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Figure 4-3: Adsorption isotherm of carbon nanofibers (CNFs) 
1 
Figure 4-3 shows the graph of the quantity adsorbed cm3/g versus relative pressure, 
p/p0 of liquid nitrogen adsorption by CNFs. The adsorption behaviour is parallel with 
to Type IV adsorption isotherm where it tends to level off and later exhibit hysteresis 
loop. The maximum adsorption is at relative pressure of 0.005457539"' I where the 
quantity adsorbed is 266.0562 cm3/g. While, the desorption process starts at relative 
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Figure 4-4: Adsorption isotherm for carbon nanotube (CNTs) 
Figure 4-4 describes the graph of the quantity adsorbed cm3/g versus relative 
pressure, p/p0 of liquid nitrogen adsorption by CNTs. The adsorption behaviour is 
parallel with to Type IV adsorption isotherm where it tends to level off and later 
exhibit hysteresis loop. The maximum adsorption is at relative pressure of 0.98934 
""I where the quantity adsorbed is 742.9766 cm3/g, while, the desorption process 
starts at relative pressure of0.976759 and the amount of decrease to 702. 6079. 
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4.4 Pre-experimental analysis 
The purpose of the pre-experimental analysis is to have a direct comparison between 
CNFs and CNTs as the adsorbents. The comparison was done at low initial metal 
concentrations using lead ion solutions. 
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Figure 4-5: Comparison between CNFs and CNTs adsorbents on lead adsorption at 
different initial concentrations 
Figure 4-5 shows the comparison of CNFs and CNTs as the adsorbents on lead 
adsorption process at different initial concentrations. It is observed that, using CNFs 
are almost as effective as CNTs in adsorbing the lead. At 9 ppm initial metal 
concentration. CNF s shows better adsorption characteristic after 4 hours in 
comparison with CNTs. However, at the other concentrations, the adsorption uptakes 
are almost the same. Hence, it can be seen that CNFs is as good as CNTs at low 
initial metal concentrations. Therefore, the experiments were proceeded with CNFs 
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as the adsorbent due to good potential of CNFs as better adsorbent than CNTs. CNFs 
is said to be better than CNTs due to its structure. CNFs consists of multitude of 
small graphite layer separated with each other and it increases the possibility of fluid 
diffusion in comparison with CNTs which consists oflong cylindrical nanotubes. 
4.5 Effect of contact time on metals adsorption 
Figure 4-6 and Figure 4-7 are referred in order to study the effect of contact time. As 
the contact time increases, the adsorption increases and they become stable. Based on 
Figure 4-7, chromium adsorption reaches plateau at 6 hours. 
For lead adsorption, as shown in Figure 4-6, it can be noted that the uptake is much 
lower at 24 hours in comparison with 6 hours, suggesting that the adsorption process 
has not reached equilibrium at 6 hours where the adsorption process is much higher 
that desorption process in comparison with the adsorption and the desorption rate at 
24 hours. For all the experimented adsorption processes, it can be noted that the 
adsorption increases as the contact time increases. Thus, it is in agreement with Atieh 
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Figure 4-6: Effect of contact time on lead adsorption at different initial metal 
concentrations using CNF s, at pH 6, adsorbent dosage of 1 g/litre, 25°C and 200 rpm 
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Figure 4-7: Effect of contact time on chromium adsorption at different initial metal 
concentrations using CNFs, at pH 6, adsorbent dosage of lg/litre, 25°C and 200 rpm 
4.6 Effect of initial concentration on metals adsorption 
In order to study the effect of initial concentration of lead adsorption, Figure 4-8 and 
Figure 4-9 are referred. In both of the experiments, five different initial 
concentrations were used. From the observations made, the higher lead initial 
concentration, the higher the adsorption uptake showing that at higher initial 
concentration of lead, the adsorbents (CNFs and CNTs) able to absorb the metals. 
The finding is in agreement as reported by Y ehya et al. 
Figure 4-6 shows the effect of initial concentration for lead. It can be seen that as the 
initial concentration of lead increases, the adsorption uptake increases until it reached 
an optimum limit which is 20 ppm. When the initial concentration of lead is 
increased, the adsorbate/adsorbent ratio is higher at constant dosage of adsorbent. 
Suggesting that there are limited adsorption site available at higher lead 
concentration, thus, the adsorption process is limited (Yehya et al., 20 I 0). 
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The effect of initial concentration for chromium is shown in Figure 4-7. It can be 
noted that, increase of initial concentration of chromium will lead to better 
adsorption uptake. In this case, the 'optimum limit has not reached. Hence, the CNFs 
are capable of adsorbing the metals without yet exceeding the limitation of the 
optimum uptake at constant CNFs dosage- lg/litre. 
This is because, the absorbents used (CNFs and CNTs) are nanoparticles. Thus, using 
a little amount of adsorbent (in the experiment it is lmg/L of adsorbent) is enough in 
order to adsorb the metals. It is because smaller particles will give higher surface 
area. Hence, higher initial concentration of leaf will result to high adsorption uptake 
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Figure 4-8: Effect of initial metal concentration on lead adsorption using CNFs, 
adsorbent dosage of lg/litre, 25°C,pH 6 and 200 rpm 
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Figure 4-9: Effect of initial metal concentration on chromium adsorption using 
CNFs, adsorbent dosage of lg/litre, 25°C,pH 6 and 200 rpm 
4. 7 Effect of pH on metals adsorption 
The pH's influence on the adsorption uptake can be seen in Figure 4-10 and Figure 
4-ll. For chromium, as described in Figure 4-ll, the metal uptake is low at pH l-3 
and it is nearly constant and optimum at pH ranging from pH 5 to pH 9 and start to 
decrease at pH I 0. According to Agrawal et al., (2008), at pH "'I, H2Cr04 (neutral 
form) is the predominant species of Cr(VI) hence less metal ions attraction to CNF 
surface. 
At higher pH, there will be OH- in aqueous solution, causing hindrance between 
negatively charged ions, CrOl- (chromate), Cr20l- (dichromate) and negatively 
charged adsorbent, which decrease the adsorption (Gupta et al., 2010). 
For lead, as seen in Figure 4-10, difference in pH of metal solution leads to 
fluctuating data of lead uptake. The lowest and highest lead uptake is 0.8891 mg/g 
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Figure 4-10: Effect of solution's pH on lead adsorption using CNFs, at 25 ppm lead 
concentration, adsorbent dosage of lg/litre, 25°C and 200 rpm 
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Figure 4-11: Effect of solution's pH on chromium adsorption using CNFs, at 25 ppm 
chromium concentration, adsorbent dosage of lg/litre, 25°C and 200 rpm 
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4.8 Effect of temperatures on metals uptake 
(I I__ - -----
0 10 20 .lO 50 
Temprrature ("C) 
Figure 4-12: Effect of temperature on lead and chromium adsorption using CNFs, at 
pH 6, adsorbent dosage of 1g/litre, 25 ppm and 200 rpm 
The influence of the temperature on the adsorption process can be seen in Figure 
4-12 for both lead and chromium adsorption. Both of the metals show different 
behaviour of adsorption uptake as the temperature increases from 25°C to 45°C. For 
lead, it is clearly can be seen in Figure 4-12 that the adsorption uptake decreases as 
the temperature increases. This can be explained from the fact that high temperature 
will promote desorption thus decreasing the uptake. 
For chromium, it is found that the adsorption is independent of temperature. Increase 
in temperature does not give any significant changes on the metal uptake. 
The difference in adsorption can be described by the affinity of metal adsorption. 
Reported by Sharma and Gad, (20 1 0), affinity of adsorption of chromium is better 
than lead using hebba clay and activated carbon as the adsorbents. 
The behaviour of lead and chromium metals ions can be described from ionic radius 
perspective, reported by Srivasta et al, (2007), smaller ionic size of ion is easier to 
be adsorbed in comparison with bigger ionic size ion. In this study, lead ion's size is 
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much bigger than the chromium ion's size, the ionic radii of lead and chromium are 
1.19A and 0.52A respectively. For chromium, since the ionic size is much smaller, at 
higher temperature, the desorption and adsorption can occur simultaneously. Thus, 
the metal uptake is independent of temperature. However, for lead, the ionic size is 
much bigger, high temperature will excite the metal ions in the adsorption site thus 
promoting desorption of the ions. The adsorption site is then emptied, and 
competition between hydrogen ions and lead ions in occupying the adsorption site 
will occur. Since lead ions are bigger in size, the surface adsorption is much difficult. 
Thus, as the temperature increases, desorption of lead ions are promoted. 
4.9 Adsorption isotherm of metals adsorption process 
Two types of isotherms - Langmuir and Freundlich were developed from the 
experimental data. Langmuir isotherm is based on single layer adsorption. While the 
Freundlich isotherm is based on multilayer adsorption process. 





















Figure 4-13: Langmuir isotherm for chromium adsorption 
Figure 4-13 shows the Langmuir isotherm for lead and chromium adsorption. The R 
squared value of adsorption process is 0.034 and 0.603 respectively. 
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Figure 4-14: Freundlich isotherm for chromium adsorption 
Figure 4-14 displays the graph log Q, versus log C, with respective to Freundlich 
isotherm. Comparing the R-squared value for both of the models, it can be observed 
that both of the adsorption processes fitted Freundlich isotherm better than Langmuir 
isotherm. The R-squared value is 0.8541 for lead adsorption and 0.9702 for 
chromium adsorption showing that the adsorption processes are multilayer. 
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CHAPTERS 
CONCLUSION AND RECOMMENDATION 
5.1 Conclusion 
Carbon nanofibers (CNFs) and carbon nanotubes (CNTs) have a great potential as 
the adsorbents to remove metal ions in the adsorption process. CNFs is observed to 
be as effective as CNTs in adsorbing lead ions. Increase in contact time will increase 
the adsorption uptake. Chromium adsorption achieved equilibrium at 6 hours of 
reaction for all metal concentrations while the highest lead uptake is 22.095 mg/g at 
6 hours contact time with 25 ppm concentration. For efficient adsorption, high metal 
concentrations are favourable in wastewater treatment process. CNFs is efficient to 
be used as adsorbent for chromium adsorption as it is optimum at neutral pH and lead 
uptake is highest at pH 9. Temperature does not give much influence to chromium 
and lead adsorption. However, for lead, the adsorption uptake decreases as 
temperature increases. The adsorption processes fitted Freundlich isotherm better 
than Langmuir isotherm indicating that the adsorption processes are multilayer. 
5.2 Recommendations 
5 .2.1 Functionalization of carbon nanomaterials 
Carbon materials are hydrophobic, thus it is very difficult for them to dissolve in 
water. Thus, by functionalizing, functionalized group can be attached to the carbon 
nanomaterials, improving the dissolving criteria and the metals attraction 
characteristics. 
5.2.2 Analysis on adsm·bent used 
The adsorbents- CNFs and CNFs those had been used for adsorption processes can 
be analysed. By doing the analysis, surface's structure changes can be detected and 
compared with the adsorbents before the adsorption process. 
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5 .2.3 Calibration of Atomic Absorption Spectrophotometer (AAS) 
Calibration of AAS is important in order to prevent interference. Interference can be 
described as any factor that affects the ground state population of the analysed 
element and any factor that may affect the ability of the instrument to read the 
parameter. By doing calibration, interferences can be detected and eliminated (Ma 
and Gonzalez, 2011 ). 
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Chiu, and solution by solution using Shenzhen, China) and temperature greater than 
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Effect of contact time and initial concentration on chromium adsorption 
Designed cone Initial (ppm) Time(hour) 
:o'J·•<' 
';':·iS' .. ;·, .!ti;ti\$8< •.·,::;:;~;: 













10 (1_9779 24 
-U54Q3, 




15 I 6493 
15 ;}.649.~ 












25 3 2985 
l2~J$5·.-· 


































































































Effect of temperature on lead adsorption 
cone T Initial (ppm) Timc(hour) Final (ppm) "loAds. mglg 
25 25 22_0951 ().()626 99.7166:'; 22 0325 
24 1.5;?41 93 .. 056S3 .2Q.~6l 
25 45 3.894)) 82.37256 UU003 
Effect of temperature on chromium adsorption 
com: T Initial (ppm) Timc(hour) Final (ppm) %Ads. mglg 
-~-~ 'o"'< r~~~l>' 0.1)14;9'• 99:'24'5fl: c3:1136 _._ .. ,. 
25 35 3.2n5 "-:2;:·;_ 0.058 9iU4162 3.2405 
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APPENDIXE 
Effect of pH on lead adsorption 
Initial (ppm) Time (hour) Final (ppm) 
i"1:Q~j:f" 24 ·5.:{~f.f~-. 







Effect of pH on chromium adsorption 
lnitial (ppm) 
























:27);395f .. :o-.S~4? 
28.05518 0.9254 
98;·11429 ·:3:2:i.63 
99.24511 3.2736 
99:31144 s.:n?& 
99.24511 3.2n6 
!)3JJ~)(jS_ 3Xr7fJ6 
53.7699 1.7736 
9~L2Al62 -~_.2465 
